A fundamental property of all cells is the presence of a potential difference across the outer cell membrane -the 'resting potential'. This is normally regarded as a diffusion potential resulting from the asymmetric distribution of (principally) K + ions across the outer cell membrane -the Na + /K + exchange pump generates a high intracellular concentration of K + ions and then the outward diffusion of K + down its concentration gradient creates the inside-negative transmembrane potential. (In practice, this is offset to varying extents by a small counter-diffusion of Na + ions so that the recorded resting potential rarely quite achieves that predicted by the concentration gradient for K + ions alone.)
Cell membranes are largely composed of lipids, however, and the partition coefficient for hydrated K + ions in lipid is so low that they would be virtually impermeant through a pure lipid membrane. Hence, there must present in the membrane specialized aqueous pores -'channels' -to conduct the K + ions. The problem then arises that, although a remarkable variety of K + channels have been identified in nerve cells, the precise nature of those K + channels responsible for the resting potential has remained elusive. Indeed, the question has even arisen whether there is a separate species of 'resting' channel as such, or whether a sufficient flux of K + ions might be generated at rest by the occasional opening of one or other of the abundant variety of voltage-or calcium-gated K + channels. One of the strongest arguments against thisand in favour of true 'resting' channels -lies in the fact that, in many neurons, the resting K + conductance is reduced by neurotransmitters, and the current so generated shows no evidence of voltage dependence. So what type of channel can carry such a current? Recent studies indicate that the resting K + current is carried by a member of the so-called 'twin-pore' family of K + channels known as TASK-1.
TASK-1 in the brain
In two types of neuron in the mammalian brainhypoglossal motoneurons [1] and cerebellar granule cells [2] ) -the transmitter-sensitive resting current has now been narrowed down to the species of K + channel termed TASK-1 (see [3, 4] ). TASK-1 belongs to an expanding family of K + channels known as 'twin-pore' or 'two pore' channels (see Table 1 ). This means that each subunit has two pore domains: in other words, they are constructed like two individual subunits of a conventional tetrameric voltage-gated K + channel in tandem ( Figure 1) . Thus, the functionally-conducting twin-pore channel probably comprises two twin-pore subunits [5] , rather than the four single-pore subunits of the voltage-gated channels. Most importantly, all members of the twin-pore family lack the voltage-sensing S4 transmembrane domain characteristic of voltage-gated K + channels. Hence, they are all capable of carrying a voltage-independent outward K + 'leak' current at the resting potential. Indeed, this is well-demonstrated by the fact that, when these channels are expressed in frog oocytes, the current through them produces a sustained hyperpolarization of the oocyte membrane.
The first such twin-pore channels were TOC-1, cloned from yeast [6] , and ORK-1, cloned from Drosophila [7] . A number of other family members have since been isolated from mammalian tissues (Table 1) , and several of these -TWIK-1, TREK-1, TRAAK, TASK-1 and TASK-3 -are expressed in mammalian brain cells. The evidence pointing to TASK-1, in particular, as being the two-pore channel responsible for the resting current in motoneurons and cerebellar granule cells is essentially as follows. A circumstantial clue comes from the observation that TASK-1 mRNA -and, in the cerebellar neurons, TASK-1 protein -is highly expressed in the two cell types examined [1, 2] . More tellingly, the current generated by expressed TASK-1 resembles that in the native cells in showing what is termed 'Goldman rectification' [1] [2] [3] [4] -that is, the opening probability of the channels is indeed independent of voltage (as expected from the lack of a voltage-sensor), but the apparent conductance is greater when the channels are carrying current outwards (from a high concentration of K + ions to a low concentration) than in the opposite direction, simply as a consequence of the laws of diffusion.
Further evidence implicating TASK-1 as the channel that carries the resting K + current comes from the way the resting current is modified by neurotransmitters. In both cell types, the resting current is inhibited by stimulating certain G-protein-coupled receptors: muscarinic (M 3 ) receptors in the case of the cerebellar neurons, and a hotchpotch of receptors -including serotonergic, adrenergic, metabotropic glutamate and peptidergic receptors -in the case of motoneurons. TASK-1 channels are also closed by at least some of these receptors when tested in the appropriate expression system [1, 2] .
Perhaps the most conclusive line of evidence stems from an unusual property of TASK-1 channels, namely, that they are inhibited by external protons with a pK of approximately 7.3 [1, 3, 4] -within the range of physiological pH. (This is not because of channel blockade, but rather a reduced probability that the channel opens, induced by protonation of a histidine residue just proximal to the first pore domain [8] ). And, in keeping with this, reducing the external pH from its normal physiological value of about 7.3 to 6.4 or 6.5 shuts down the resting outward current in both motoneurons [1] and cerebellar neurons [2] , while raising the pH to 8.7 enhanced the motoneuron current [1] .
Other tasks for TASK
As TASK-1 and its homologue, TASK-3, are widely expressed in the mammalian nervous system, it is reasonable to suppose that they may contribute to the resting K + conductance of other neurons, including cells in the cortex and hippocampus (and also of astrocytes [2] ). So one can imagine neurophysiologists will be dowsing all sorts of neurons with acid solutions to test this -though they will need to do some quite careful quantitation to distinguish TASK-1 (pK 7.3) from TASK-3 (pK 6.7), and they will also have to be careful to exclude involvement of Kir2.3 inward rectifier channels, which are also sensitive to external protons (pK 7.4 [9] ). TASK-1 is also inhibited by the local anaesthetic bupivercaine, so it -or rather an amphibian homologue -might be responsible for the resting internodal K + current in frog myelinated fibres, which is also reduced by acidification and by local anaesthetics [10] . Very recently, Buckler et al. [11] have provided strong evidence to suggest that TASK-1 channels carry the O 2 -sensitive background K + current in rat arterial chemoreceptor cells. Finally, TASK-1 mRNA, together with mRNA for the splice-variant TBAK-1, is highly expressed in the heart, and Kim et al. [12] have provided quite strong evidence from single-channel recording for the presence of TASK/TBAK channels in the membranes of rat cardiac cells, though they have not confirmed this by the 'acid test'.
Other twin-pore channels
What about the other brain-expressed twin-pore channels listed in Table 1 ? TWIK-1 currents show weak inward rectification -that is, they conduct less current with increasing membrane depolarization -and are blocked by low concentrations of external Ba 2+ ions. Transmitter-inhibited resting currents with such properties have been observed in many neurons, but have usually been attributed to Dispatch R457 Table 1 Some mammalian members of the 'twin-pore' family of K+ channels. members of the Kir family of inward-rectifier K + channels, and the possible contribution of TWIK-1 to native neuronal currents has yet to be established.
Two other brain-located channels, TREK-1 and TRAAK-1, appear to be largely closed under normal conditions, and require mechanical (stretch) stimulation and/or exposure to arachidonic acid to open (see Table 1 ). TREK-1 has been suggested to be a mammalian homologue of the Aplysia S-channel [13] as, like the S-channel, TREK-1 is activated by volatile anaesthetics [14] and inhibited by cyclic AMPmediated phosphorylation [13] . TRAAK has been suggested to play a role in neurite growth [15] and in neuroprotection [16] . But although K + currents activated by arachidonic acid, stretch or anaesthetics have been described in mammalian neurons, in no case has an exact match with one of these twin-pore channels, comparable with that presented for TASK-1, been obtained.
Nevertheless, it has to be emphasized that TASK and the other mammalian twin-pore channels so far cloned are really just the tip of the twin-pore-iceberg, as 36 genes encoding twin-pore channel proteins have been identified in the genome of the nematode Caenorhabditis elegans [17] , of which only two show any obvious sequence homology to a mammalian channel (TASK-1); it is estimated that the final count may be 50 or more. If experience with other channels is any guide, we may therefore expect many more mammalian homologues to emerge: TRAAKING down what each of these channels does in mammalian neurons will be a daunting TASK indeed. 
